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ABSTRACT
Variation within bulb tunics has been used to determine the genetic 
diversity in Allium species, including shallots. However, no such 
study has been reported for shallots of Indonesia. The study aimed to 
analyze the genetic diversity of the Indonesian shallots based on the 
bulb-tunic patterns. Thirty-five shallot genotypes from main production 
centers in Indonesia were used. The ultrasculptures of the bulb tunics 
were examined by light microscopy, including the inner surface 
and cell shape patterns of the bulb tunics. The phenotypic data, i.e. 
quantitative and qualitative traits were subjected to the descriptive 
statistics, principal component, correlation, regression, and clustering 
analyses. The results showed that the bulb-tunic cell patterns were 
varied, which shared almost identical with 13 Allium species. Total 
bulb weight per genotype showed the greatest variation (cv = 89.10%) 
and significant correlation with bulb weight per plant (r = 0.773). The 
principle component analyses showed the cumulative proportion of 
78% of the total morphological variation in all shallot genotypes. Based 
on clustering analysis, the genetic variation of Indonesian shallots are 
grouped into twelve clusters with 50% genetic similarity. The study 
indicates that Indonesian shallots are genetically varied and could be 
useful for further utilization in their genetic improvement program.
[Keywords: bulb tunic, shallots, clustering, genetic diversity]
ABSTRAK
Variasi pada pola sel tunik umbi telah digunakan untuk menduga 
keragaman genetik spesies Allium, termasuk bawang merah. Namun, 
hingga saat ini belum ada penelitian tentang hal tersebut pada 
bawang merah di Indonesia. Tujuan penelitian adalah menganalisis 
keragaman genetik bawang merah Indonesia berdasarkan pola tunik 
umbinya. Penelitian menggunakan 35 genotipe bawang merah yang 
berasal dari sentra produksi utama di Indonesia. Ultrastruktur sel tunik 
umbi diamati di bawah mikroskop, baik permukaan bagian dalamnya 
maupun bentuk selnya. Data fenotipe yang mencakup data karakter 
kuantitatif dan kualitatif dianalisis menggunakan statistik deskriptif, 
analisis komponen utama, korelasi, regresi, dan klustering. Hasil 
penelitian menunjukkan bahwa pola sel tunik umbi bawang merah 
Indonesia bervariasi dan beberapa genotipe memiliki kemiripan 
dengan 13 spesies Allium lain. Analisis fenotipik menunjukkan adanya 
variasi terbesar pada total berat umbi per genotipe (cv = 89,10%). 
Berat umbi per tanaman berkorelasi signifikan terhadap total berat 
umbi dengan capaian nilai tertinggi (r = 0,773). Analisis komponen 
utama menunjukkan bahwa proporsi kumulatif mencapai 78% dari 
total variasi morfologi.  Sementara berdasarkan hasil analisis klaster, 
ragam genetik bawang merah Indonesia dapat dikelompokkan ke 
dalam 12 kluster pada tingkat kemiripan 50%. Hasil penelitian 
mengindikasikan bahwa keragaman genetik bawang merah Indonesia 
cukup tinggi yang dapat dimanfaatkan dalam program perbaikan 
tanaman pada masa mendatang.
[Kata kunci: Tunika umbi, bawang merah, klaster, keragaman genetik]
INTRODUCTION
Shallot (Allium cepa var aggregatum) is one of the 
most important vegetables consumed in Indonesia. 
Shallot production increased sharply in the five years 
from 893,124 tons in 2011 to 1,234,723 tons in 2015 
(Pusat Data dan Informasi Pertanian 2015). Indonesian 
government plans to double the shallot production within 
the next five years (Sekretariat Jenderal Kementerian 
Pertanian 2015). One strategic plan to increase shallot 
production is through varietal improvements for higher 
yield, resistance to pests and diseases, production 
stability and continuity. 
Most of shallot farmers in Indonesia use bulbs as 
a planting material and those using true seeds are 
still limited. Therefore, it is previously assumed that 
genetic diversities of Indonesian shallots are narrow. 
Surprisingly, based on morphological characterization 
and molecular analysis, Indonesian shallots have a high 
genetic diversity (Herlina et al. 2018). Morphological 
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characterization supported by molecular analysis have 
been widely used to estimate genetic diversity of various 
plant species, including shallot. Nevertheless, grouping 
the shallot genotypes was unrelated to the geographical 
origin  (Arifin et al. 2000; Sari et al. 2017). 
 Bulb is one of the most important parts of 
shallots and often used as the main parameter in breeding 
program. It is also often used as species identifiers to 
classify the Allium species.  The unique characteristics 
of the bulb are located in the tunic tissues and the 
presence of calcium oxalate crystal. The tunic membrane 
originated from the development of epidermal tissue in 
the leaf structure and differentiated after the lignification 
into several types (McNeal and Ownbey 1973). The 
differences in the patterns and shapes of the tunic cells 
can be used to differentiate certain Allium species 
(McNeal 1992), for example, those derived from North 
America and East Asia (Rola 2014).  Based on the unique 
morphology of the bulbs, classification of Allium species 
has recently undergone a change and made it placed 
in the genus Amaryllidaceae because both genera had 
tubers covered with tunic membrane (APG III 2009).  
Unfortunately, the tunic characteristics have not 
been widely adopted as a tool for identification of 
Allium species. Most taxonomists preferred to use other 
morphological characters to describe Allium species 
which are then widely adopted and accepted as a guidance 
for classifying various Allium species, including shallots 
(Allium cepa var aggregatum). (McNeal and Ownbey 
1973; Pastor and Valdes 1996; Rola 2014). However, 
grouping based on morphological characteristics is not 
yet known to be whether having the same result with 
that based on the characteristics of tunic cell pattern. 
So far, characterization on bulb tunics to determine the 
variability of shallots from Indonesian has never been 
reported. The study aimed to investigate the availability 
and reliability of using bulb-tunic characterization 
as a tool to estimate genetic diversity of shallots from 
Indonesia compared to morphological traits. 
MATERIALS AND METHODS
Plant Materials
Thirty-five genotypes of shallots collected from 
production centers in Java were used in this study 
(Table 1). Bombay onions (Allium cepa) included as a 
material in this study considering that they belong to 
the same species as shallots. The study was conducted 
at the greenhouse and microbiology laboratory of the 
Indonesian Center for Agricultural Biotechnology 
and Genetic Resources Research and Development 
(ICABIOGRAD), Bogor, in 2017. 
Tunic Tissue Characterization
The ultrasculptures of the bulb tunics were examined 
microscopically. The epidermal of the inner surface of the 
bulb tunics were peeled, cut into square pieces (0.5 cm x 
0.5 cm), placed on the glass slides, and observed under 
a light microscope (Olympus DP20). Four tunic tissues 
were taken from each genotype. No staining treatment 
was applied to the tunic tissues. The tunic patterns 
were identified following Rola (2014). In addition, the 
presence of calcium oxalate crystals in tissues was also 
observed. Calcium-oxalate crystals are very prominent, 
and most of them could be easily detected, even without 
the aid of a microscope.
Morpho-Agronomic Characterization
The morpho-agronomic characters of the shallots were 
analysed following the Calibration Book Onion and 
Shallot (Naktuinbouw 2010) with a slight modification. 
The experiment was designed in a randomized 
completely block design with 10 replications. Each 
genotype was planted in a polybag (two plants 
per polybag) and maintained in the greenhouse of 
ICABIOGRAD, Bogor (6o34’31.58”S; 106o47’07.37”T, 
221 m above sea level). The quantitative and qualitative 
traits of the cultivars were analyzed. The quantitative 
traits observed were plant height, total bulb weight, 
number of bulbs, and bulb weight per plant, whereas the 
qualitative traits were leaf color, bulb shape, skin color, 
intensity of skin color, terminal basal bulb, division rate 
of bulb that is the tendency of bulbs to split into bublets, 
curvature of plant canopy, and erectness of plant canopy. 
All phenotypic data, except plant height, plant canopy, 
and erectness of plant canopy were collected after the 
bulbs harvested and handling for post-harvest. these 
three characters were measured during the final phase 
of vegetative development (45 days after planting).
Data Analysis
Tunic identification and classification were carried out 
according to the method described by Rola (2014). 
Descriptive statistics, principal component analysis, 
Pearson correlation regression analysis, and clustering 
using Average-linkage with Pearson Distance were used 
to analyze the phenotypic data. Differences among the 
measured parameters were considered as significantly 
different when the p-value  was < 0.001. The multivariate 
analysis using Average-linkage with Pearson Distance 
was also applied to the morphological and qualitative 
traits to construct the clustering of the shallot genotypes 
21Genetic diversity of Indonesian shallots based on  … (Lina Herlina et al.)
based on the level of similarity at the coefficient of 50% 
after all the observed variables were standardized. All 
calculation and operation were conducted using the 
Minitab 15.1.20.0 (Minitab 2007).
RESULTS AND DISCUSSION
Genetic Diversity Based on Tunic Tissue
Thirteen types of cell patterns of the interior of tunic 
tissues of bulbs were found in the present study (Table 
2). The most dominant cell pattern on the tunic finger 
was observed on eight genotypes, i.e. BM-19, BM-
14, BM-10, BM-26, BM-2, A-24, BM-21 and BM-24, 
representing chartaceous with rectangular structured 
cells, thick cell walls, and the presence of calcium 
oxalate crystals. Other tunic tissue patterns were found, 
such as membrane-like types of paper (five genotypes), 
membranous to coriaceous (four genotypes), and 
papery, subcoriaceous, membranous, papyraceous to 
subcoriaceous. According to Rola (2014), some species 
of Amerallium have chartaceous or crustaceous tunic 
structures with a typical ultrasculpture. Rola (2014) 
Table 1. List of 35 shallot genotypes used in present study.
No
Genotype 
code Accession name Collection site/province Source of collection
1 BM-30 Bombay West Java Local supermarket
2 BM-2 Local Yuwono Central Java Local traditional market
3 BM-3 Maja-Balitsa IVEGRI 1)/West Java Government breeding station
4 BM-4 Kramat-1 IVEGRI/West Java Government breeding station
5 BM-5 Local Boyolali Central Java Local traditional market
6 BM-6 Kramat-2 IVEGRI/West Java Government breeding station
7 BM-7 AG-1 IVEGRI/West Java Government breeding station
8 BM-8 Trisula IVEGRI/West Java Government breeding station
9 BM-9 AG-2 IVEGRI/West Java Government breeding station
10 BM-10 Sembrani IVEGRI/West Java Government breeding station
11 BM-11 Pikatan IVEGRI/West Java Government breeding station
12 BM-12 Mentes IVEGRI/West Java Government breeding station
13 BM-13 Katumi East Java Local farmer breeder
14 BM-14 BM-14 West Java Local traditional market
15 BM-15 BM-15 West Java Local traditional market
16 BM-16 Local Demak Central Java Local farmers breeder
17 BM-17 BM-17 West Java Local traditional market
18 BM-18 BM-18 West Java Local traditional market
19 BM-19 Brebes Central Java Local farmers breeder
20 BM-20 BM-20 West Java Local traditional market
21 BM-21 BM-21 West Java Local traditional market
22 BM-22 BM-22 West Java Local traditional market
23 BM-23 BM-23 West Java Local traditional market
24 BM-24 BM-24 West Java Local traditional market
25 BM-25 Batu Ijo East Java Local farmers breeder
26 BM-26 Biru Lancor East Java Local farmers breeder
27 BM-27 Bauji East Java Local farmers breeder
28 BM-28 Thailand-SP East Java Local farmers breeder
29 BM-29 Bawang Bandung West Java Local farmers breeder
30 A-06 Tajuk East Java Local farmers breeder
31 A-10 Sumenep-1 East Java Local farmers breeder
32 A-11 Bali Karet East Java Local farmers breeder
33 A-21 Sumenep East Java Local farmers breeder
34 A-29 Sumenep-2 East Java Local farmers breeder
35 A-14 Manjung West Java Local Farmer breeder
1) IVEGRI = Indonesian Vegetables Research Institute
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classified several specific Allium species and the specific 
sub-genera of Allium derived from different geographies 
based on the tunic characteristics of tubers and cell 
patterns. The cell patterns and ultrascluptures of Allium 
tubers are stable, therefore, they could be used as a tool 
for classification and description of Allium species.
The Indonesian shallot genotypes had a very high 
diversity based on the patterns of tunic tissue cells (Table 
2). Interestingly, most of the genotypes (32) showed 
the dissimilarities with Allium cepa, while 3 genotypes, 
i.e. A-01, A -11, and BM-23 had the tunic cell patterns 
identical to A. cepa. Some variabilities in the bulb-
sculpture patterns of shallot genotypes are shown in 
Figures 1, 2 and 3. 
Another interesting point of the bulb tunic cell 
examination was the presence of calcium-oxalate crystals 
in almost all shallot genotypes. Calcium-oxalate is the most 
commonly biomineral found in higher plants (Monje and 
Baran 2002). It is a highly controlled intracellular process 
produced by crystal idioblasts. Calcium oxalate occurs 
in two hydration states in plants, as the monohydrate or 
as the dihydrate (Monje and Baran 2002).  A number of 
crystal habits have been found for both hydration states: 
raphids, prisms, styloids, druses, and crystal sand. The 
chemical nature and the morphology of these crystals, 
as well as their localization within the plant body, could 
be specific for a given species (Monje and Baran 2002). 
Crystal biomineralization involves a highly controlled 
and complex process that needs the coordination of many 
physiologically independent events. The oxalates have 
the particular advantage to be very resistant water-
insoluble plant products and, thus, they could be found 
where other plant residues are no longer evident (Monje 
and Baran 2002). 
Genetic Diversity Based on Quantitative-
Qualitative Characters
Descriptive analysis of quantitative and qualitative 
traits showed that all of the observed variables tended 
to have considerably high variation with a range of 
coefficient values of > 10% (Table 3). The greatest 
variation was shown by the total bulb weight per 
genotype (cv = 89.10%), while the smallest ones was 
by skin color (cv = 25.28%). The high variation of 
several quantitative traits observed in this study was 
in accordance with the results obtained by Degewione 
et al. (2011) which found those on plant height and 
bulb weight of Ethiopian’s shallot. Several reseachers 
who work on onions (as the most close-species to 
shallot) also reported the wide phenotypic variation 
in vegetative characters, bulb yield, yield components 
and yield quality (Figliuolo et al. 2001). The higher 
variation of shallot based on quantitative traits might 
represent their higher genetic diversity, as shown by 
the significant value (Table 3). The small value of the 
coefficient of variation on the skin color indicated the 
low variation.
Based on the correlation matrix (Table 4), a total 
of 91 pairwise combinations were formed among six 
Table 2.  Thirteen ultrasclupture characters of bulb tunics observed from 35 Indonesian shallot genotypes. 
Ultrasclupture characters 
of outer bulb tunics
Cell pattern of the inner surface of outer bulb tunics (inner 
surface)
Similar as species Shallot genotypes 




Hexagonal cells with calcium oxalate crystals A. acutiflorum BM-27, BM-12, BM-17, 
BM-20,
Chartaceous Rectangular cells with thick walls and calcium oxalate crystals A. fistulosum BM-19, BM-14, BM-10, 
BM-26, BM-2, A-24, BM-21, 
BM-24
Membranous Elongated cells with calcium oxalate crystals A. flavum BM-7, BM-4
Papyraceous to 
subcoriaceous
Rectangular cells with thick walls and calcium oxalate crystals A. sibiricum BM-16, BM-6
Chartaceous Rectangular cells with thick walls and calcium oxalate crystals A. cepa A-01, A-11, BM-23
Membranous to fibrous Transversaly elongated cells with calcium oxalate crystals A. atroviolaceum BM-8, BM-12
Membranous Rectangular elongated cells with calcium oxalate crystals A. atropurpureum A-23
Membranous Elongated cells with calcium oxalate crystals A. melanantherum BM-13
Membranous Rectangular/hexagonal transversely elongated cells with 
calcium oxalate crystals
A. polyanthum BM-3
Papery Hexagonal to rectangular cells with calcium oxalate crystals A. oreophilum BM-9
Membranous Rectangular/hexagonal elongated cells A. senescens A-21, A-29
Subcoriaceous Rectangular/hexagonal elongated cells A. flavescens A-10
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Table 3. Descriptive statistics of quantitative and qualitative traits observed from 35 Indonesian shallot genotypes.
Variable Mean SE Mean StDev  Variance Coef Var Squares Min Max Skewness Curtosis
Ph 27.01 1.21 7.13 50.84 26.40 27255.24 16.99 42.13 0.70 -0.42
Tbw 2175.00 328.00 1938.00 3756921.00 89.10 293373894.00 259.00 7232.00 1.29 0.68
Nbp 6.09 0.34 2.00 3.99 32.78 1434.51 1.57 9.67 -0.09 -0.68
Bwp 9.51 1.06 6.25 39.02 65.66 4494.03 2.91 29.27 1.36 1.62
Ppi 62.29 3.90 23.07 532.04 37.03 153872.22 5.00 93.33 -0.85 0.30
Nl 16.00 2.05 12.13 147.14 75.80 13965.37 0.00 46.68 1.53 1.51
Cl 2.17 0.17 1.01 1.03 46.71 200.00 1.00 4.00 -0.18 -1.76
Bs 4.51 0.32 1.92 3.67 42.43 838.00 1.00 8.00 -0.05 -0.96
Sc 5.46 0.23 1.38 1.90 25.28 1107.00 1.00 7.00 -0.83 1.46
Isc 4.26 0.26 1.54 2.37 36.19 715.00 3.00 7.00 0.77 -0.85
Tb 3.20 0.25 1.49 2.22 46.60 434.00 1.00 5.00 -0.36 -1.28
Db 3.57 0.32 1.91 3.66 53.60 571.00 1.00 5.00 -0.62 -1.67
Cp 1.26 0.10 0.57 0.32 44.85 65.00 1.00 3.00 2.11 3.63
Ec 1.36 0.10 0.55 0.30 40.24 71.00 1.00 3.00 1.19 0.52
Ph = plant height, Tbw = total bulb weight, Nbp = number of bulbs per plant, Bwp = bulb weight per plant, Ppi = percentage of plant invested by FOC, 
Nl = number of leaves, Lc = leaf color, Bs = bulb shape, Sc = skin color, Isc = intensity of skin color, Tb = terminal basal bulb, Db = division rate of 
bulb, Cp = curvature of plant canopy, Ep = erectness of plant canopy.
Table 4. Correlation matrix among quantitative and qualitative traits of Indonesian shallot genotypes.
 Ph Tbw Nbp Bwp  Ppi Nl Cl Bs Sc Isc Tb Db Cp




Bwp 0.533* 0.757* 0.203
0.001 0.000 0.241
Ppi -0.409 0.169 -0.118 -0.235
0.015 0.333 0.501 0.174
Nl 0.669* 0.046 0.473 0.186 -0.363
0.000 0.792 0.004 0.286 0.032
Cl 0.438 0.180 -0.085 0.175 -0.101 0.320
0.009 0.302 0.626 0.315 0.563 0.061
Bs -0.242 0.084 -0.252 -0.032 0.331 -0.402 -0.016
0.161 0.631 0.144 0.856 0.052 0.017 0.925
Sc -0.417 0.176 0.153 -0.032 0.179 -0.092 -0.100 -0.092
0.013 0.312 0.381 0.855 0.304 0.600 0.569 0.601
Isc -0.041 0.060 0.157 0.103 0.171 -0.199 -0.142 -0.106 0.137
0.813 0.731 0.367 0.555 0.327 0.251 0.416 0.545 0.433
Tb 0.254 -0.037 -0.056 0.041 -0.118 0.147 -0.004 -0.212 -0.389 -0.061
0.141 0.831 0.750 0.815 0.501 0.399 0.982 0.221 0.021 0.726
Db -0.001 -0.241 -0.025 -0.212 -0.097 0.190 -0.022 -0.243 -0.013 -0.291 0.309
0.996 0.163 0.886 0.221 0.579 0.273 0.902 0.160 0.942 0.090 0.071
Cp 0.015 0.126 0.055 -0.072 0.419 0.121 0.193 0.226 0.214 0.012 -0.136 0.118
0.933 0.477 0.758 0.687 0.014 0.494 0.275 0.198 0.225 0.945 0.443 0.506
Ec -0.112 0.060 0.138 -0.013 0.183 0.056 -0.010 0.323 0.156 0.147 0.066 0.022 0.568*
 0.535 0.740 0.443 0.944 0.309 0.756 0.955 0.066 0.386 0.416 0.714 0.904 0.001
Numbers showed in first line of the table referred to Pearson correlation value; while those in second line indicated p-value; 
Ph = plant height, Tbw = total bulb weight, Nbp = number of bulbs per plant, Bwp = bulb weight per plant, Ppi = percentage of plant invested FOC, 
Nl = number of leaves; Cl = leaf color; Bs = bulb shape; Sc = skin color; Isc = intensity of skin color; Tb = terminal basal bulb shape; Db = division 
rate of bulb; Cp = curvature of plant canopy; Ec = erectness of canopy. *significant at P value < 0.001. 
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quantitative traits and eight qualitative traits of shallots 
and those were mostly correlated positively and only two 
combinations showed negative correlation. Four out of 
91 pairwise combinations were significantly correlated 
(p < 0.001), including the combination between bulb 
weight per plant and plant height, bulb weight per plant 
and total bulb weight, number of leaves and plant height, 
and erectness of canopy and curvature of plant canopy. 
Of these, the highest correlation was between plant height 
and number of leaves (r = 0.669) implying that plant height 
contributed to both the total bulb weight and bulb weight 
per plant. Interestingly, percentage of plant invested by 
FOC resulted in negative correlation with almost all of 
the quantitative variables such as plant height, number 
of bulbs per plant, bulb weight per plant, and number of 
leaves, but positively correlated with other variables. The 
negative correlation indicated the opposite trend between 
both variables. Thus, the greater the percentage of the 
plants invested by FOC, the lower the results of the bulb 
weight per plant. 
 Regression analysis applied to quantitative and 
qualitative traits of shallot genotypes resulted an equation 
as followed: 
Total bulb weight = - 7301 + 92.3 plant height + 
468 number of bulb per plant + 201 bulb weight per 
plant + 31.1 percentage of plant invested by FOC – 
72.7 number of leaves + 262 leaf color + 6 bulb shape 
+ 357 skin color – 295 intensity of skin color +132 
terminal shape of bulb – 57 division rate of bulb – 
25 curvature of plant canopy – 35 erectness of plant 
canopy. 
According to the regression equation, total bulb weight 
was determined by the value of both quantitative and 
qualitative traits; whereas the number of bulb per plant, 
bulb weight per plant, leaf color, skin color, intensity of 
skin color, and terminal shape of bulb were contributed 
as major values. It was also confirmed that the regression 
equation was robust and reliable  (R-Sq >75%; P-value 
< 0.01). Briefly, we conclude that those phenotypic 
characters were the main causal of variations in the 
genetic diversity of shallots used in the study. In particular, 
plant height and number of leaves per plant contributed 
the most variability. This is in accordance with report of 
Degewione et al. (2011) who tested the genetic diversity 
of 49 shallot accessions of Ethiopia. The study showed 
that based on the principal component analysis, plant 
height and number of leaves per plant included in the six 
main characters that contribute to shallot diversity with a 
total variation of 76.15%.
 The principal component analysis of the quantitative 
and qualitative traits of shallots is presented in Table 5. 
There were two variables which highly contributed to 
the PCA-1, i.e. both plant heigh and number of leaves 
which reached 92.8%. The analysis of eigenvalue of 
the proportion of cumulative diversity of each major 
component showed that the first six major components 
were the main components explaining the largest data 
diversity, with cumulative eigenvalue of 78% (Table 
5). Six major components significantly contributed to 
the eigenvalue, such as plant height, total bulb weight, 
number of bulbs per  plant, bulb weight per plant, 
percentage of plant infected by FOC, and number 
of leaves. On the other hand, based on the results on 
loading plots, the variables were grouped into three main 
groups. Group I (marked by green circle) consisted of 
number of leaves, plant heigh, leaf color, bulb weight 
per plant, number of bulbs per plant, total bulb weight, 
and erectness of plant canopy; group II (marked by red 
circle) clustered division rate of bulb and  terminal basal 
bulb shape; while the remaining variables were in Group 
III (marked by black circle) (Figure 4). 
Clustering Analysis Based on Morpho-
Agronomic Traits
The clustering analysis based on the quantitative and 
qualitative traits of shallot using Average-linkage 
Pearson distance indicated twelve main branching nodes 
in which twelve clusters were well separated (Table 5). 
Cluster II was the most crowded group, consisted of 
nine members;  while the Cluster I consisted of eight 
members;  Cluster III, V, VI and X each consisted three 
members, and the remaining six clusters only consisted 
of one member. 
The morphological characteristics could distinguish 
individual of shallots in this population. This is in 
agreement with Engels and Visser (2003) who adopted 
the morphological characteristics as phenotypic markers 
in many crops due to its ease and speed. The result of 
identification on tunics bulb using manual observation 
was similar to the clustering based on morphological 
characteristics. In short, this study showed that 
Indonesia’s shallots were mostly attributed with tunic 
patterns as chartaceous with rectangular structured 
cells, thick walls and Ca crystal, and morphologically 
characterized with shorter plant height, lower total 
bulb weight, lower number of bulbs per plant, lower 
bulb weight per plant, lower number of leaves, higher 
percentage of plant infected by FOC, light green of 
leaves, broad obovate type of bulb shape, pink bulb 
skin, very dark skin color, no curvature of plant canopy, 
and erect type of plant canopy (Table 2 and 5).
In the present study, Bombay onions were included as 
plant genetic materials in estimating genetic diversity 
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Table 5. Principle Component Analysis of eight variables on Indonesian shallot genotypes.
Variable Ph Tbw Nbp Bwp Ppi Nl Cl Bs
PC-1 0.502 0.148 0.176 0.306 -0.361 0.426 0.260 -0.256
PC-2 -0.097 -0.512 -0.281 -0.383 -0.196 -0.048 -0.131 -0.190
Eigenvalue 3.035 2.352 1.795 1.497 1.219 1.016 0.831 0.716
Proportion 0.217 0.168 0.128 0.107 0.087 0.073 0.059 0.051
Cumulative 0.217 0.385 0.513 0.62 0.707 0.78 0.839 0.89
Ph = plant height, Tbw = total bulb weight, Nbp = number of bulbs per plant, Bwp = bulb weight per plant, Ppi = percentage of plant invested by 
FOC, Nl = number of leaves; Cl = leaf color; Bs = bulb shape. 
Table 5. Clustering of Indonesian’s shallot genotypes based on morphological characters.
Cluster Morphological characters Genotype
1 Shorter plant height, lower total bulb weight, number of bulbs per plant, bulb weight per plant, number of leaves, 
higher percentage of plant infected by FOC, yellow to light green color of leaves, broad ovate type of bulb shape, 
brown to pink color of bulb skin, very dark intensity of skin color, rounded to curved type of terminal basal-bulb, 
higher division rate of bulb, no curvature of plant canopy,  erect type of plant canopy
BM-30, BM19, 
BM24, BM27, BM8, 
BM22,BM5, BM14
2 Shorter plant height, lower total bulb weight, number of bulbs per plant, bulb weight per plant, number of leaves, 
higher percentage of plant infected by FOC, light green color of leaves, broad obovate type of bulb shape, pink 
color of bulb skin, very dark intensity of skin color, sunken to flat type of terminal basal-bulb, medium division 
rate of bulb, no curvature of plant canopy,  erect type of plant canopy




3 Shorter plant height, higher total bulb weight, number of bulbs per plant, bulb weight per plant, number of leaves, 
percentage of plant infected by FOC, yellow to light green color of leaves, broad ovate type of bulb shape, brown 
to pink color of bulb skin, very dark intensity of skin color, flat type of terminal basal-bulb, lower division rate of 
bulb, no curvature of plant canopy,  erect type of plant canopy
BM3, BM4, BM13
4 Taller plant height, higher total bulb weight, number of bulbs per plant, bulb weight per plant, number of leaves, 
lower percentage of plant infected by FOC, green color of leaves, transerver medium ellips type of bulb shape, 
red color of bulb skin, very dark intensity of skin color, rounded type of terminal basal-bulb, very lower division 
rate of bulb, no curvature of plant canopy, semi-erect type of plant canopy
BM6
5 Taller plant height, higher total bulb weight, number of bulbs per plant, bulb weight per plant, number of leaves, 
lower percentage of plant infected by FOC, light green color of leaves, circular type of bulb shape, pink color of 
bulb skin, very dark intensity of skin color, rounded type of terminal basal-bulb, slightly higher division rate of 
bulb, no curvature of plant canopy,  erect type of plant canopy
BM7, BM9, BM10
6 Shorter plant height, lower total bulb weight, number of bulbs per plant, bulb weight per plant, number of leaves, 
lower percentage of plant infected by FOC, light green color of leaves, ovate medium type of bulb shape , brown 
to pink color of bulb skin, very dark intensity of skin color, rounded type of terminal basal-bulb, higher division 
rate of bulb, no curvature of plant canopy,  erect to semi erect type of plant canopy
BM12, BM20, 
BM28
7 Taller plant height, higher total bulb weight, lower number of bulbs per plant, bulb weight per plant, lower 
number of leaves, very low percentage of plant infected by FOC, green color of leaves, broad ovate type of bulb 
shape, brown color of bulb skin, very dark intensity of skin color, flat type of terminal basal-bulb, very lower 
division rate of bulb, no curvature of plant canopy,  erect type of plant canopy
BM18
8 Taller plant height, higher total bulb weight, lower number of bulbs per plant, bulb weight per plant, lower 
number of leaves, high percentage of plant infected by FOC, darker green color of leaves, broad ovate type of 
bulb shape, red color of bulb skin, very dark intensity of skin color, sunken type of terminal basal-bulb, very 
lower division rate of bulb, no curvature of plant canopy,  erect type of plant canopy
BM25
9 Taller plant height, higher total bulb weight, lower number of bulbs per plant, higher bulb weight per plant, higher 
number of leaves, lower percentage of plant infected by FOC, light green color of leaves, ovate medium type of 
bulb shape, brown color of bulb skin, dark intensity of skin color, rounded type of terminal basal-bulb, higher 
division rate of bulb, no curvature of plant canopy,  erect type of plant canopy
A-06
10 Taller plant height, higher total bulb weight, higher number of bulbs per plant, lower bulb weight per plant, 
higher number of leaves, lower percentage of plant infected by FOC,  green color of leaves, broad ellips type of 
bulb shape, yellow to brown color of bulb skin, dark intensity of skin color, slightly upward to rounded type of 
terminal basal-bulb, higher division rate of bulb, no curvature of plant canopy,  erect type of plant canopy
A-10, A21, A29
11 Taller plant height, lower total bulb weight, lower number of bulbs per plant, medium bulb weight per plant, 
lower number of leaves, higher percentage of plant infected by FOC, green color of leaves, transverse medium 
ellips  type of bulb shape, white color of bulb skin, dark intensity of skin color, curved type of terminal basal-
bulb, lower division rate of bulb, no curvature of plant canopy,  erect type of plant canopy
A11
12 Taller plant height, very lower total bulb weight, higher number of bulbs per plant, lower bulb weight per plant, 
higher number of leaves, higher percentage of plant infected by FOC, green color of leaves, broad obovate type 
of bulb shape, brown color of bulb skin, dark intensity of skin color, slightly upward type of terminal basal-bulb, 
lower division rate of bulb, strong curvature of plant canopy, very erect of plant canopy
A14
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in the shallot cultivars. The crossability between shallots 
and Bombay onions was one of our reason to include 
it in present study and it is expected that the genetic 
relationship information between the two types of onions 
would be beneficial for shallot breeding program in the 
future. Shallots and Bombay onions belonged to the same 
species, because of their ability to be crossed to each other 
and produce fertile tillers (Brewster 1994; Rabinowitch 
and Kamenetsky 2002). The bulb tunics of shallots varied 
widely compared to other species in Allium as presented 
in this study. Some shallot genotypes shared almost 
identical cell pattern of the bulb tunics with the other 
Allium species (Figure 1, 2, 3). BM-19, BM-14, BM-
10, BM-26, BM-2, A-24, BM-21, and BM-24 showed 
identical tunic cell pattern to A. fistulosum, while BM-
25, A-34, A-36, A-06, and BM-22 shared the identical 
tunic profile with A. carinatum (Table 2). The identical 
cell pattern of the tunic tissue with other Allium species 
Figure 1. A light microscopic ultrasclupture of the outer bulb tunics of Batu Ijo shallot variety characterized by membranous to papery 
bulb tunic tissue (a) and the hexagonal cell with calcium oxalate crystals (b). The observed calcium oxalate crystals look like sand crystals 
spreading in the cell (several marked by black arrows).
Figure 2. A light microscopic ultrasclupture of the outer bulb tunics of Mentes shallot variety characterized with the membranous to 
coriaceous bulb tunic tissue (a) and the hexagonal cells with calcium oxalate crystals (b), marked by red arrows and circle.
Figure 3. Ultrasclupture of the outer bulb tunic of Maja shallot variety, characterized by membranous bulb tunic tissue (a) and rectangular/
hexagonal transversally elongated cell with calcium-oxalate crystals (b) marked with red arrows. 
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is quite reasonable, because the Allium genus consisted 
of over 800 species (Fritsch et al. 2010), making it one 
of the largest monocotyledonous genera. Allium contains 
many economically important species, including garlic, 
leeks, shallots, and Chinese leeks which are cultivated as 
vegetables or spices, as well as for herbal plants, traditional 
medicine and ornamental plants (Fritsch et al. 2010). 
However, only three shallot genotypes in this study showed 
identical tunic cell patterns with A. cepa (Table 2). 
Taxonomically, Allium is the most difficult genus with 
fuzzy taxonomic boundaries at all levels of the taxonomy. 
They have adapted to diverse habitats and displayed an 
extraordinary polymorphism, made it the difficulties 
widely recognized in taxonomy and classification (Li et al. 
2010). In addition, traditional infrageneric classifications 
were based on several homoplasious characters (Fritsch 
and Friesen 2002). These might contribute to the 
difficulty of determining the natural evolutionary lines 
with characteristics that more  easily to observe but able 
to clearly separated between species. Other reasons were 
their  morphological similarities, excessive dependence on 
dried specimens, extraordinary degree of polymorphism, 
and disagreement regarding the taxonomic importance of 
certain morphological characteristics. Many gaps in the 
knowledge of taxonomy and differentiation and evolution 
in the infrageneric genus were still remained (Li et al. 
2010). Based on those above arguments, we conclude 
that many things can cause taxonomic differences in 
classifying species belonging to the genus Allium.
Many factors triggered variations in plant morphology 
should also be taken into consideration. Variations in 
nature can be influenced by several factors in which 
sometimes difficult to distinguish, and in some cases 
almost impossible. Climatic factors (from arid to 
warm climate), mostly characterized by differences 
in rainfalls, temperatures and evapotranspirations, 
have played an important role in developing species 
diversity in the genus Allium. Geographic isolation, 
heterogenity and topography of habitat were the main 
factors that together form and maintain high species 
diversity in Allium (Huang et al. 2014). Repeated 
mutations, the existence of gene flow from other 
populations (migration), the stochastic processes such 
as genetic drift and natural selection were commonly 
triggered variation in plant genetic or morphology 
(Morjan and Rieseberg 2004; Rieseberg and Willis 
2007). The repeated mutation might be of the most 
potential possibilities causing morphological variations 
in shallots. In this case, the relevant contributor of 
radiation is the intensive radiation from the solar system 
due to the geographic position of Indonesia which is 
located on an equator. The geographic position caused 
the crop in this country continuously exposed to solar 
radiation.
In plant breeding, species identification based on 
the phenotypic characters still plays an important 
role that should not be ignored, because the most real 
expression of an individual genetic is determined by its 
phenotypic characters. This study applied 12 morpho-
agronomic characteristics to investigate the genetic 
diversity of shallots. As previously mentioned, almost 
all quantitative traits showed a positive correlation, 
except for percentage plant invested by FOC. It also 
suggested that plant height was the main character 
which contributed (+) to the total bulb weight and bulb 
weight per plant. Similar findings were reported by 
Degewione et al. (2011); Vavidel, B. (1981); Pandian 
and Muthukrishnan (1982). Improvement of this trait 
could also improve plant capacity to produce higher 
yield (Degewione et al. 2011). The regression analysis 
showed that the greater the percentage of plant invested 
by FOC, the lower the result of bulb weight per plant. 
The clustering analysis based on the morphological 
characteristics using Average-linkage Pearson 
distance showed tha the characteristics of bulb tunic 
cells in tubers can be made as an alternative tool to 
determine the diversity of shallots from Indonesia. 
The genetic diversity of Indonesian shallots based on 
cells and morphological characters is quite high. This 
is in accordance with the result of using bulb-tunic 
cell pattern to investigate the variability of shallot 
genotypes, which research is conducted parallelly. The 
high diversity of Indonesian shallots is a very valuable 
asset for plant breeding program to produce superior 
varieties. 
Figure 4. Loading plot of 14 variables of Indonesian shallot 
characters; Ph = plant height, Tbw = total bulb weight, Nbp = 
number of bulbs per plant, Bwp = bulb weight per plant, Ppi = 
percentage of plant invested on FOC, Nl = number of leaves, Cl = 
leaf color, Bs = bulb shape, Sc = skin color, Isc = intensity of skin 
color, Tb = terminal basal bulb shape, Db = division rate of bulb,Cp 
= curvature of plant canopy, Ec = erectness of plant canopy.
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CONCLUSION 
The bulb-tunic cell patterns of 35 locally shallot 
genotypes of Indonesia varied based on their quantitative 
and qualitative traits suggesting that Indonesian shallots 
are genetically diverse. Characterization of bulb-tunic 
cells of shallots provides an alternative tool to determine 
the diversity of shallots. The high diversity of Indonesian 
shallots is useful for plant breeding activities to produce 
superior varieties. 
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